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ABSTRACT
Objectives: Several studies have shown that smoking
may confer a greater excess risk for chronic diseases
in women compared with men. The reasons for this
excess risk of smoking in women are unclear, yet sex
differences in smoking habits may play a role. We,
thus, characterised sex differences in smoking habits
in a contemporary Western population.
Design: Cross-sectional population-based study.
Setting: UK Biobank Resource.
Participants: 499 797 (54% women) individuals with
data on smoking habits.
Main outcome measures: Women-to-men
prevalence ratios in smoking status, and the women-
minus-men mean difference in age at smoking
initiation, number of cigarettes smoked daily and
age at smoking cessation in 5-year birth cohort
bands.
Results: The women-to-men ever-smoking ratio
ranged from 0.57 in the oldest to 0.87 in the youngest
birth cohort. In the oldest cohort, born 1935–1939,
women started smoking 1.9 years (95% CI 1.7 to 2.1)
later than did men, but in those born after 1959 there
was no difference in the age at initiation. The oldest
women smoked 5.3 (95% CI 4.7 to 5.9) cigarettes per
day fewer than did the oldest men, compared with
2.0 (95% CI 1.7 to 2.3) fewer cigarettes smoked per
day in the youngest, born 1965–1969. Among quitters,
women born before 1945 were, on average, 1.5 years
older than their male contemporaries, but this
differential was 1 year or less among people born
after 1949.
Conclusions: Differences in smoking behaviour
between women and men have decreased over time.
Even past differentials are unlikely to explain the
increased susceptibility to smoking-related chronic
disease in women compared with men that has
previously been observed. Future studies are required
to determine whether sex differences in the
physiological and biological effects of smoking are
responsible for the differential impact of smoking on
health in women and men.
INTRODUCTION
Despite major successes in evidence-based
tobacco control over the past 50 years,
tobacco exposure remains one of world’s
major health threats. In the 20th century, an
Strengths and limitations of this study
▪ The large amount of information on smoking
behaviour from nearly half a million individuals in
UK Biobank permits a comprehensive evaluation
of sex differences in smoking characteristics
among individuals who commenced smoking at
different stages of the tobacco epidemic.
▪ The much lower prevalence of smoking in the
UK Biobank sample compared with the UK popu-
lation (currently 19% for women and 20% for
men 21) is unsurprising and indicative of the
“healthy-volunteer effect”. This difference in
smoking prevalence does not detract from the
study’s’ internal validity and its main findings
that pertain to sex differences in smoking habits.
▪ Given that over 90% of participants in UK
Biobank are Caucasian, the analyses presented
here cannot be generalised to other ethnic
groups.
▪ Our data are right truncated and individuals from
younger birth cohorts have had less opportunity
to quit smoking compared to individuals from
older birth cohorts. While right truncation com-
plicates comparison of time-related variables
between birth cohorts, differences between men
and women from the same birth cohort are less
likely to be affected.
▪ The cross-sectional nature of our analyses pre-
cluded examination of the associations between
smoking characteristics and chronic disease out-
comes in women and men which can only be
examined using longitudinal data; we aim to
explore this further in the UK Biobank sample,
once sufficient numbers of events have accrued.
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estimated 100 million deaths were due to smoking,1
representing 16% of deaths among men and 7% of
deaths among women.2 It has been predicted that there
will be one billion deaths attributable to tobacco in the
21st century,3 4 and it is likely that this burden will differ-
entially affect women more than men due to women
being at an earlier stage of the tobacco epidemic than
men in most parts of the world.5
Accumulating evidence from large contemporary
studies suggests that the full hazards of prolonged
smoking are considerably larger for women than they are
for men.6–10 For example, several studies have indicated
that, for a given number of cigarettes smoked, women may
be at higher risk of lung cancer compared with men.6 11
Moreover, a recent meta-analysis, involving millions of indi-
viduals, showed that, although smoking considerably
increased the risk of coronary heart disease (CHD) in
both sexes, women who smoke have a 25% greater excess
relative risk for CHD compared with men who smoke.7
One possible explanation for these excess relative risks
of smoking in women might be that women are more sus-
ceptible to the effects of smoking or may extract a greater
quantity of carcinogens and other toxic agents from the
same number of cigarettes than men.12 Alternatively, it
might be that smoking habits are more risk-inducing in
women than in men, that is, women may start to smoke
at a younger age, or may smoke more cigarettes per day
than men. Yet, past studies have shown the opposite, that
is, that smoking habits might be more risk-inducing in
men,13–15 which would make the observed excess relative
risks of smoking-induced diseases in women even more
remarkable. However, past studies varied in the type and
amount of data collated on current and past smoking
habits and hence may not accurately reﬂect any sex differ-
ences in smoking habits in contemporary populations.
To further understand whether behavioural differ-
ences in smoking habits between women and men may
explain the smoking-related excess relative risks
observed in women in previous studies, and to ultimately
inform national and international sex-speciﬁc tobacco
control policies, we examined the current and past
smoking habits of women and men who were recruited
into the UK Biobank study.
METHODS
Data source
Cross-sectional data were obtained from the UK
Biobank, a large-scale, prospective cohort study among
502 712 men and women aged 40–69 at baseline.16 17
Between 2006 and 2010, participants attended 1 of the
22 centres across the UK for detailed baseline assess-
ment that involved collection of extensive questionnaire
data, physical measurements and biological samples.
Smoking habits
Self-report questions on smoking behaviour in the UK
Biobank were adapted from various longitudinal
epidemiological studies and surveys, after consultation
with experts in the ﬁeld.17 These questions solicited
comprehensive information on present and past
smoking habits, including information on the age of
smoking initiation, the number of cigarettes per day,
duration of smoking and, among former smokers, the
age when smoking ceased. In the present study, smoking
status was deﬁned based on regular smoking habits, that
is, current smokers were individuals who smoked on
most or all days, previous smokers were individuals who
had done so in the past, and ever-smokers were these
two groups combined. Occasional smokers were classi-
ﬁed as never-smokers for the main analyses and analysed
separately in secondary analyses.
Statistical analyses
The outcome metrics were the women-to-men prevalence
ratios in smoking status, and the women-minus-men
mean differences in age at smoking initiation, number of
cigarettes smoked daily, smoking pack-years (cigarettes
per day multiplied by the number of years smoked) and
age at smoking cessation. The analyses were stratiﬁed by
5-year birth cohort ranging from 1935 to 1974. Results
for individuals born 1970–1974 are not reported due to
the small size of this birth cohort (n=168). Secondary
analyses stratiﬁed the same metrics by socioeconomic
status (SES), measured by the Townsend material depriv-
ation score, adjusting for age. Five SES groups were
deﬁned using the quintiles of the Townsend scores in
England from the 2001 Census:18 the lower the score the
more socially deprived the individual. Multivariable ana-
lyses were performed to estimate the extent of differences
in smoking habits between men and women according to
birth cohort and SES. All analyses were conducted using
R software, V.2.15.3.19
RESULTS
Of the 499 797 (99.4%) UK Biobank participants with
data on smoking included in the present analyses, 54%
were women. The median year of birth was 1950 (IQR
1945–1958), and they were recruited when, on average,
aged 57 years (SD 8 years).
Prevalence of smoking
Among all participants, 7% of women and 9% of men
were current daily smokers, 20% of women and 29% of
men were previous daily smokers. Among those who had
never smoked daily, 1% of women and 2% of men were
current occasional smokers, 11% of women and 12% of
men were previous occasional smokers, the remaining
59% of women, and 49% of men had never smoked,
even not occasionally. Irrespective of birth cohort, about
one-quarter of all women were ever-smokers (table 1).
In contrast, the proportion of ever-smokers in men
declined across successive birth cohorts from 46% of
men born 1935–1939 to 28% of men born 1965–1969.
Owing to the lower prevalence of ever-smoking in
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Table 1 Smoking habits of ever-smokers by sex and birth cohort
Birth cohort
1935–1939 1940–1944 1945–1949 1950–1954 1955–1959 1960–1964 1965–1969
n
Women 9142 50 345 64 884 48 750 41 839 35 627 21 330
Men 9041 47 729 53 661 38 169 32 081 28 492 18 539
Smoking status
Ever-smokers
Women 2382 (26.1) 14 589 (29.0) 18 974 (29.2) 13 618 (27.9) 10 791 (25.8) 8373 (23.5) 5126 (24.0)
Men 4148 (45.9) 22 236 (46.6) 22 446 (41.8) 14 144 (37.1) 10 027 (31.3) 8099 (28.4) 5257 (28.4)
Women-to-men ratio 0.57 0.62 0.70 0.75 0.83 0.83 0.85
Age at which participant first started to smoke
Women 19.3 (5.0) 18.7 (4.6) 18.0 (4.2) 17.7 (4.4) 17.3 (4.3) 17.3 (4.5) 17.4 (4.3)
Men 17.4 (4.1) 17.1 (4.0) 16.8 (4.0) 16.9 (4.1) 16.8 (4.4) 17.2 (4.7) 17.3 (4.3)
Mean difference 1.9 (1.7 to 2.1) 1.6 (1.5 to 1.7) 1.2 (1.1 to 1.2) 0.9 (0.8 to 1.0) 0.5 (0.3 to 0.6) 0.1 (0.0 to 0.3) 0.1 (0.0 to 0.3)
Cigarettes smoked per day
Women 16.1 (8.6) 16.1 (8.6) 16.5 (8.5) 16.5 (8.1) 16.0 (8.1) 15.2 (7.9) 14.3 (7.5)
Men 21.4 (12.3) 21.6 (12.2) 21.1 (11.5) 20.4 (10.9) 19.4 (10.1) 17.9 (9.8) 16.3 (8.8)
Mean difference −5.3 (−5.9 to −4.7) −5.5 (−5.8 to −5.3) −4.7 (−4.9 to −4.5) −3.9 (−4.1 to −3.7) −3.3 (−3.6 to −3.1) −2.6 (−2.9 to −2.4) −2.0 (−2.3 to −1.7)
Pack-years of smoking
Women 20.9 (16.5) 20.1 (16.2) 20.0 (15.6) 18.5 (14.1) 16.5 (13.4) 13.3 (11.5) 10.0 (8.9)
Men 28.3 (22.2) 27.9 (21.7) 26.0 (20.2) 22.9 (18.2) 20.0 (16.9) 15.5 (14.0) 12.0 (11.4)
Mean difference −7.4 (−8.5 to −6.4) −7.8 (−8.2 to −7.4) −6.0 (−6.4 to −5.7) −4.4 (−4.8 to −4.0) −3.4 (−3.9 to −3.0) −2.1 (−2.5 to −1.7) −2.0 (−2.4 to −1.6)
Age at which participant stopped smoking
Women 46.6 (12.8) 44.5 (12.3) 40.7 (11.9) 37.9 (10.9) 36.1 (9.7) 34.8 (7.8) 33.3 (6.3)
Men 45.0 (12.8) 43.1 (12.4) 40.4 (11.8) 38.4 (10.9) 36.8 (9.6) 35.8 (7.7) 33.7 (6.2)
Mean difference 1.6 (0.9 to 2.3) 1.4 (1.1 to 1.7) 0.3 (0.0 to 0.5) −0.5 (−0.8 to −0.2) −0.7 (−1.1 to −0.4) −1.0 (−1.3 to −0.7) −0.4 (−0.7 to −0.1)
Age is in years. Data are n (%) for categorical variables, and mean (SD) for continuous variables in women and men. Mean difference is the women-minus-men difference (95% CI). Data on
age at smoking initiation, cigarettes smoked per day, pack-years of smoking and age at which participant stopped smoking are for current and previous smokers combined.
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younger versus older men, the women-to-men preva-
lence ratio for ever-smoking was 0.57 in the 1935–1939
birth cohort and 0.85 in the 1965–1969 birth cohort
(ﬁgure 1). Results for current and previous smoking are
shown in online supplementary table S1.
Trends in smoking behaviour in ever-smokers
Age at smoking initiation among ever-smokers declined
from 19 years in women born 1935–1939 to 17 years in
those born 1965–1969 but did not vary over time in men,
whose average age of initiation was 17 years (table 1).
Overall, women smoked on average 4 cigarettes per day
less than men (16 vs 20 cigarettes; ﬁgure 2), but the
number of cigarettes smoked per day varied by birth
cohort and was higher in the older than in the younger
birth cohorts. For those born 1935–1939, the number of
cigarettes smoked by women and men was 16 vs 21,
whereas in those born 1965–1969, average consumption
had dropped to 14 and 16 cigarettes per day, respectively
(table 1 and ﬁgure 2). The mean women-to-men differ-
ence in daily cigarette consumption fell from ﬁve in the
1935–1939 birth cohort to two in the 1965–1969 cohort.
The number of pack-years of smoking was on average
7.7 years higher in men than in women from the 1935–
1939 birth cohort.
The women-to-men difference in pack-years of
smoking declined with successive birth cohorts from on
average 7.7 pack-years in those born 1935–1939 to 3.2
pack-years in those born 1965–1969.
Women born 1935–1939 who had stopped smoking
were on average 1.6 years older than men when they
stopped smoking. Women from younger birth cohorts
were of the same age or younger than men when they
discontinued to smoke (table 1 and ﬁgure 2). Results
for current and previous smoking are shown in online
supplementary table S2.
Figure 1 Women-to-men ratios
of smoking characteristics by birth
cohort.
Figure 2 Mean women-to-men
differences in smoking habits by
birth cohort.
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Sex differences in smoking characteristics by SES
The uptake of ever-smoking was 1.8 times higher in
women and 1.5 times higher in men in the most disad-
vantaged socioeconomic compared with the most advan-
taged socioeconomic group. While the average age at
smoking initiation was similar across socioeconomic
groups, the number of cigarettes smoked per day, pack-
years of smoking and age at smoking cessation were
higher in the more disadvantaged socioeconomic
groups. Compared with individuals in the least disadvan-
taged group, those in the most disadvantaged group
smoked about two cigarettes per day more, and among
previous smokers, they were 5–6 years older when they
quit (see online supplementary table S3). There was
little evidence to suggest that the sex differences in
smoking characteristics observed in the main analyses
varied substantially across levels of SES (table 2) or by
birth cohort (see online supplementary tables S4–9 and
supplementary ﬁgures S1–2).
DISCUSSION
Multiple studies have shown that the excess risk for
chronic diseases from smoking is considerably greater in
women than in men.6–10 20 Whether this sex difference
is due to more hazardous smoking behaviours in women
or a greater susceptibility among women to the toxins in
cigarette smoke is unknown. In this study among half a
million middle-aged men and women from the UK
Biobank, there are some notable differences in how pat-
terns of smoking behaviour have changed over time in
women and men. First, age of smoking initiation among
women slightly declined (whereas it remained constant
in men) over time such that the youngest women in this
study began smoking roughly at the same age as men.
Second, while the sex difference in the number of cigar-
ettes smoked per day also narrowed across successive
birth cohorts (from ﬁve to two), women still smoke
fewer cigarettes per day than do men and thus will have
a lower cumulative lifetime exposure to smoking than
men—a ﬁnding consistent with nationally representative
data.21 This ﬁnding therefore implies that it is unlikely
that more adverse smoking patterns in women com-
pared with men underlie the excess risk in women
smokers for some diseases that have been widely
reported.
Sex differences in smoking behaviour in the UK Biobank
versus other studies
Sex differences in smoking behaviour reported here are
in line with reports on smoking prevalence and cigarette
consumption in men and women in the UK and in
other parts of the world.2 13 21 The Global Adult
Tobacco Survey (GATS), a nationally representative
household survey among three billion individuals from
16 countries, showed that while sex disparities in
smoking behaviour still exist, they are considerably
smaller in younger individuals, especially in Western
populations.13 For instance, women aged over 65 years
typically started to smoke some 5 years later than men,
whereas younger women are starting to smoke at the
same age as men. This is of particular concern given the
independent and inverse association between age of
smoking initiation with chronic disease risk.22
As in the UK Biobank, daily cigarette consumption is
lower in women than in men in most populations
studied, although the difference appears to have dimin-
ished over time.13–15 For example, women smoke on
average four cigarettes per day less than men in the 16
GATS countries.13 We have previously reported that
women from the Asia-Paciﬁc region have smoked fewer
cigarettes than men: an average of 10 vs 15 cigarettes
per day in Asia and 16 vs 18 cigarettes per day in
Australia and New Zealand.14 The US 2004 National
Health Interview Survey reported the mean consump-
tion of cigarettes per day as 18.1 in men and 15.3 in
women.15 Finally, the 2010 smoking statistics in England
estimated men to smoke 13.3 cigarettes a day, compared
with 12.1 for women.21
Sex differences in the prevalence of smoking
The prevalence of smoking has declined substantially in
most parts of the world. In a recent nationally represen-
tative study across 187 countries, large reductions in the
estimated prevalence of daily smoking were observed
between 1980 and 2012; for men, the prevalence
decreased from 41% to 31%, an average annual rate of
decline of 0.9%, and for women it decreased from 11%
to 6%, or 1.7% per year.23 These data also illustrate that
the global prevalence of smoking is nearly ﬁve times as
high in men as in women; however, substantial differ-
ences between countries exist.24 Current smoking rates
are virtually the same in women and men living in high-
income countries; in the UK, 20% of men and 19% of
women are current smokers.21 Yet, considerable sex dif-
ferences in smoking prevalence exists in many low-
income and middle-income countries, including coun-
tries like India and China, where the women-to-men
smoking prevalence ratio is generally less than 0.1.13 24
Sex differences in susceptibility for tobacco smoke
Since sex differences in smoking behaviour do not seem
to explain the observed excess risk of smoking in
women, it may be that women respond in a biologically
different way to smoking than men. Deﬁnitive evidence
for the biological mechanisms responsible for the sex-
related difference in disease risk associated with
smoking is lacking. However, several genetic, biological
and hormonal factors have been identiﬁed that may be
responsible for the greater excess risk of smoking attrib-
uted for lung cancer in women.25–27 For instance, some
studies have found that levels of DNA adducts (pieces of
DNA covalently bonded to a cancer-causing chemical
that are considered to be the precursor to carcinogen-
esis) were higher,28 29 and DNA repair capacity lower,30
in female patients with lung cancer compared with their
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Table 2 Smoking habits of ever-smokers by sex and socioeconomic status (SES)
Smoking habits by SES, and differences between men and women
SES 1 SES 2 SES 3 SES 4 SES 5
n
Women 91 342 65 694 48 629 38 502 27 511
Men 76 903 53 668 39 357 31 966 25 603
Smoking status
Ever smokers
Women 19 710 (21.6) 16 354 (24.9) 13 964 (28.7) 12 892 (33.5) 10 858 (39.5)
Men 25 591 (33.3) 19 301 (36.0) 15 178 (38.6) 13 705 (42.9) 12 504 (48.8)
Women-to-men ratio 0.65 0.69 0.74 0.78 0.81
Age at which participant first started to smoke
Women 18.0 (4.1) 17.9 (4.3) 17.9 (4.5) 17.9 (4.7) 17.7 (4.9)
Men 17.1 (3.7) 17.0 (3.9) 16.9 (4.1) 17.0 (4.5) 16.9 (5.0)
Mean difference 1.0 (0.9 to 1.0) 1.0 (0.9 to 1.1) 1.0 (0.9 to 1.1) 0.9 (0.8 to 1.0) 0.8 (0.6 to 0.9)
Cigarettes smoked per day
Women 15.3 (7.7) 15.7 (8.0) 16.1 (8.2) 16.5 (8.6) 17.2 (9.2)
Men 19.7 (10.5) 20.0 (10.6) 20.1 (10.9) 20.8 (12.1) 21.5 (12.9)
Mean difference −4.3 (−4.4 to −4.1) −4.2 (−4.4 to −4.0) −3.9 (−4.1 to −3.7) −4.1 (−4.4 to −3.9) −4.2 (−4.5 to −3.9)
Pack-years of smoking
Women 17.5 (13.5) 17.5 (14.2) 17.5 (14.6) 18.0 (15.3) 19.1 (16.7)
Men 23.1 (18.1) 23.0 (18.6) 22.7 (18.9) 23.4 (20.6) 25.3 (23.2)
Mean difference −4.9 (−5.2 to −4.6) −4.9 (−5.2 to −4.5) −4.7 (−5.1 to −4.3) −4.9 (−5.4 to −4.5) −6.0 (−6.5 to −5.5)
Age at which participant stopped smoking
Women 37.9 (11.4) 39.0 (11.6) 39.8 (11.4) 40.8 (11.6) 42.9 (11.4)
Men 38.9 (11.5) 39.7 (11.6) 40.2 (11.5) 41.5 (11.7) 42.8 (11.6)
Mean difference −0.2 (−0.5 to 0.0) 0.0 (−0.2 to 0.3) 0.2 (−0.1 to 0.5) 0.1 (−0.2 to 0.4) 0.6 (0.2 to 1.0)
Age is in years. Data are n (%) for categorical variables, and mean (SD) for continuous variables in women and men. Mean difference is the age-adjusted women-minus-men difference (95%
CI). Data on age at smoking initiation, cigarettes smoked per day, pack-years of smoking and age at which participant stopped smoking are for current and previous smokers combined. SES
was measured by the Townsend material deprivation score, thresholds for the five SES groups were −3.13, −1.53, 0.57 and 3.24.
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male counterparts, even after adjustment for smoking
dose. This suggests that women may be more suscep-
tible to the DNA damaging effects of tobacco smoke
than men. Some,28 31 32 but not all,33 studies
also identiﬁed sex differences in the frequency of
mutations in tumour suppressor genes, with higher
frequencies seen among women than men.
Furthermore, it may be that women extract a greater
quantity of carcinogens and other toxic agents from
the same number of cigarettes than men, which again
might explain why smoking confers a greater excess
risk in women than in men.12 Lastly, female-speciﬁc
factors or hormonal differences may explain the
greater excess risk from smoking for lung cancer risk
in women,34 35 yet evidence has been inconsistent
and the possible mediating role of smoking remains
unclear.
CONCLUSIONS
Although there are differences in smoking behaviour
between women and men, these cannot explain the
increased susceptibility to smoking-related chronic
disease in women compared with men that has been
repeatedly observed. Future studies that are able to
explore the sex-speciﬁc physiological and biological
effects of smoking are warranted in order to improve
current understanding of the differential impact of
smoking on health in women and men.
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